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We discuss diffractive hadron leptoproduction in terms of skewed gluon distributions 
and within two-gluon exchange model. Connection of the two-gluon approach with skewed 
gluon distributions is found. The double spin asymmetries for longitudinally polarized 
leptons and transversely polarized protons in diffractive vector meson and QQ production 
at high energies within the two-gluon model is analysed. The asymmetry predicted for 
meson production is found to be quite small. The Ait asymmetry for QQ production is 
large and can be used to obtain information on the polarized skewed gluon distributions 
in the proton. 
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1 Introduction 

In this lecture, we study diffractive hadron leptoproduction at high energies and 
small x. The scattering amplitude in this region is predominated by the the two- 
gluon exchange which can be associated with the Pomeron. In diffractive reactions 
like vector meson and QQ production the momentum xp carried by the two-gluon 
system is nonzero and the gluon momenta cannot be equal. Such processes can 
be expressed in terms of generalized or skewed parton distribution (SPD) in the 
nucleon (x) where x is a fraction of the proton momentum carried by the outgoing 
gluon and £ is the difference between the gluon momenta (skewedness) jj] . For the 
processes which include light quarks, the qq exchange in the t -channel should be 
important for x > 0.1 in addition to the gluon contribution. For diffractive J/^ 
and charm quark production the predominated contribution is determined by the 
two-gluon exchange (gluon SPD). We shall mainly discuss here such reactions which 
should play a key role in future study of the gluon distribution !F^(x) at small x. 

Intensive experimental study of diffractive processes was performed in DESY 
(see e.g. H, 0, 4, ||). The polarized observables in vector meson production were 
analysed in |i[ 7 . Theoretical investigation of the diffractive vector meson produc- 
tion was conducted on the basis of the two- gluon exchange model where the typical 
scale Q 2 = (Q 2 + My)/ 4 was found for vector mesons production ||, [|. The cross 
sections of light and heavy meson production plotted versus this variable look sim- 
ilar ]To| . The amplitudes for longitudinally and transversely polarized photon were 
analyzed in jn], 12, |l3). The longitudinally polarized photon gives a predominant 



contribution to the cross section for Q — ► oo. The cross section with transverse 
photon polarization is suppressed as a power of Q. Note that in the two-gluon model 
the imaginary part of the amplitude is usually calculated. The real part can be re- 
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produced || using the local dispersion relations. A more general SPD approach was 
applied to study the vector meson production by many authors (see e.g |l4] , fL5|). 
Within the SPS approach, one can study simultaneously the imaginary and real 
parts of diffractive amplitudes. The double spin asymmetry for longitudinal photon 
and proton polarization in J/^f production was investigated in [ 16|. Theoretical 
analysis of the diffractive QQ production was carried out in Jl7, |18|, [l9| , p0| . ft 
was shown that the cross sections of diffractive quark- antiquark production were 
expressed in terms of the same gluon distributions as in the case of vector meson 
production. 

This lecture is organized as follows. In the second section, we discuss the main 
features of the diffractive hadron leptoproduction processes and their connection 
with SPD. The two-gluon model approach and the spin structure of the two-gluon 
coupling with the proton are considered in section 3. The diffractive J/ 1 ^ and 
charm quark pair production is analysed in sections 4, 5. The connection of the 
two-gluon approach with skewed gluon distributions is found here too. In sections 
6 and 7 we consider double spin asymmetries for polarized leptons and protons in 
diffractive vector meson and QQ production at high energies. The predictions for 
the HERMES and COMPASS energies are made here. 

2 Diffractive hadron production and SPD 

Let us study the diffractive hadron production in lepton-proton reactions 

l+p^l+p + H (1) 

at high energies in a lepton-proton system. The hadron state H in this reaction can 
contain a vector meson or a QQ system which are observed as two final jets. The 
reaction (|l]) can be described in terms of the kinematic variables which are defined 
as follows: 

q 2 = {l-l'? = -Q\ t = rl = (p-p')\ 

p-q Q 2 q-{p- p') a x 
y = -, — , x = - — , x P = , p = — , (2) 

L-p Ip ■ q q ■ p xp 

where I, I' and p, p' are the initial and final lepton and proton momenta, respectively, 
Q 2 is the photon virtuality, and rp is the momentum carried by the the two-gluons 
(Pomeron). The variable (3 is used in QQ production. In this case the effective mass 
of a produced quark system is equal to M\ — (q + rp) 2 and can be quite large. 
The variable (3 — xjxp ~ Q 2 / (M| + Q 2 ) can vary here from to 1. For diffractive 
vector meson production, M\ = My and (3 ~ 1 for large Q 2 . From the mass-shell 
equation for the vector-meson momentum V 2 = (q + rp) 2 = My we find that for 
these reactions 

xp ~ a±±Ql±M (3) 

sy 

and is small at high energies. This variable is not fixed for QQ production. 
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We shall use the center of mass system of the photon and proton. The spin- 
average and spin dependent cross sections with parallel and antiparallel longitudinal 
polarization of a lepton and a proton are determined by 

a(±) = i(a(-)±a(5)). (4) 

They can be expressed in terms of the vector meson photoproduction hclicity am- 
plitude M^x',fj,\i where fi and A are the photon and initial proton polarization, // 
and A' are the vector meson and final proton polarization. 

For the cross section integrated over the azimuthal angle between lepton and 
hadron scattering plane we have 



<r(+) = N 

and 



|AVv,+ia| 2 + £ I M m'A',o 

^a',A',A /y,A',A 



2 

A 



(5) 



*(-) = -N £ (l A 'V x>, + i h I' " I M m' -il 2 ) • (6) 

fj,' ,X' 

Here e ~ 2(1 — y)/(l + (1 — y) 2 ) is a virtual photon polarization. 

The leading contribution to the spin-average cross section can be estimated as 

a(+)~\M +lh+lL / + e\M i >0 i\ 2 . (7) 

The photons with longitudinal and transverse polarization contribute here. 

On the other hand, we find that only transversely polarized photons contribute 
to the spin-dependent cross section 

*(-)- v / T^(|M +li+1 ,| 2 -|M +1 _ i+1 _,| 2 ). (8) 

The model analysis of the amplitudes with different photon and vector meson po- 
larization shows that Jll| 

|M, 11+1 i| |M i .ill |M +1 i i| 

, r~ 2 2 ~ 0.6; ' ° 2 ' + 2 , ~ 0.12; ' ^ , ~ 0.06. (9) 
|M i !0 i| \M oitH \ \M i, i\ 

Such amplitude hierarchy does not contradict the experimental data on the po- 
larized density matrix elements |^| of the vector meson production. Thus, we can 
conclude that the amplitude with transversally polarized photons is very important 
in spin observables. Unfortunately, for the light meson production, these amplitudes 
are determined by the higher twist effects and are not well defined because of the 
present infrared singularities |2l| . 

The photoproduction amplitude of longitudinally polarized vector meson can 
be written in the factorized form Q 

x(x _ c _ ie) WphP^ C, *, -)|A) Hgf{Q, fcl, k2, ...). (10) 
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Here F(X, £, ...) is the soft part which can be determined in terms of skewed parton 
distributions (SPD) and the hard part H(X, ...) can be calculated perturbatively. 

We can insert the g p p tensor in the intermediate state which can be decomposed 
in the axial gauge as 

g pp' =J2e p (k,u)e*"'(k,p). (11) 

V 

Here gluons are transversally polarized. The hard scattering amplitudes are now 
determined by the relation 

ffo*', M * = t* P i{M,v')H?]fe p2 {kl,v). (12) 

We suppose that the gluon hclicity flip is suppressed and v = v' . In this case 
we can write 

e* p2 (kl,v)e pl (k2,v) = i (g£ p2 + vV plp2 ). (13) 

The symmetric and asymmetric parts of gluon SPD (|l4|) can be decomposed into 
the following structures: 

p ■ q ^ 2m p ■ q ^ 

<A'|iv, p2 |A)7^ 2 = g«JX,t). (14) 

p ■ q' * 

For zero momentum transfer one can find that IpJ 



-°3 q p.,/ T (i _ T ) y x(x - c - ie) 1 j 

The Im part of the amplitude is predominated at high energies and has the form 



M h0 i ~ ImM i i cx Ho^^-. (16) 



Here Hq = iJo+,o + is the amplitude with positive gluon polarization. 
The cross sections for nonzero \t\ looks like 



S 777 " s 



(17) 



through 0f(X,t). 



The spin-dependent cross section for a longitudinally polarized target is expressed 
3 Two-gluon exchange model 



Now let us study the process of the hadron leptoproduction within the two-gluon 
exchange model. As we have discussed previously, this contribution is predominated 
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at small x < 0.1. For larger x the quark exchange should be included for processes 
with light quarks. The cross section of hadron leptoproduction can be decomposed 
into the leptonic and hadronic tensors and the amplitude of hadron production 
through the j*gg transition to the vector meson or QQ states. To study spin effects 
in diffractive hadron production, one must know the structure of the two-gluon 
coupling with the proton at small x. 

It has been shown in ]2^] that the leading contribution like a s [a s In (1/a;)]" to 
the Pomeron is determined by the gluon ladder graphs. The two-gluon coupling 
with the proton can be parametrized in the form p3| 

V p f g (p,t,x P ,l ± ) = B(f, I p,( 1 )( 7 y+7V) 

+ iK <-\ Xp > ^ (p^r + pPo^rJ + ■■■■ (18) 
2m 



Here m is the proton mass. In the matrix structure (18) we wrote only the terms 
with the maximal powers of a large proton momentum p which are symmetric 
in the gluon indices a, (3. The structure proportional to B(t,...) determines the 
spin-non-flip contribution. The term oc K(t, ...) leads to the transverse spin-flip at 
the vertex. If one considers the longitudinal spin effects, the asymmetric structure 
oc 7 P 75 should be included in (^8|). 

In what follows, we analyze the "f*gg — ► QQ transition amplitude. The typical 
momentum of quarks is proportional to the photon momentum q. In the Feynman 
gauge, we can decompose the g^u tensors from t- channel gluons into the longitu- 
dinal and transverse parts [p2| 

a a V a ' 

aa aa , aa -j r, aa ^ i /i n\ 

9 =9i + 9i_ with ft ~ T^T' ^ ' 

The product of the gf a tensors and the two-gluon coupling of the proton can be 
written in the form 

a' a , , \ a' ft' i r, I , i \ , iK{t,Xp,l±) g 

9i 9i Vr p Jp,t,xp,lx) ocp f B(t, xp, H o pl q 3 r 1 

FaM [p ■ q 2m p ■ q 

(20) 

It can be seen that the structure in the square brackets in (|20J) after integration over 
the gluon momentum l± should be related directly to the skewed gluon distribution 

^(C,t)oc J d 2 l±B(t,( = x P ,l±)cf>(l ± ,...). (21) 

A similar equation should be valid for the K function. The function </> will be found 
later. 

In what follows we will calculate directly the spin dependent cross section of 
hadron production which can be expressed in terms of the hard hadron production 
amplitude through photon-gluon fusion convoluted with the spin-dependent hadron 
and lepton tensors. The structure of the leptonic tensor is simple because the lepton 
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is a point-like object 



pin s f 



Tr 



(r+M) I+M 7 ^ +/i)7 . 



(22) 



where Z and Z' are the initial and final lepton momenta, and s; is a spin vector of 
the initial lepton. 

Spin-average and spin-dependent lepton tensors are defined by 

C^{±) = \{C^{+^)±C^{~)). (23) 

The £ M; "(±|) are the tensors with helicity of the initial lepton equal to ±1/2 and 

£""(+) = 2(gi" v l-q + 2m v -l»q v -Vqf), 

£""(-) = 2i^ 5 rq s ( Sl ) p . (24) 

The hadronic tensor is given by a trace similar to the lepton case ( p2| ) 
W aa '^'(s p ) = u{p', Sf )V p a g a ;{ Pl t,xp,l)u{p, Sp ) 

spin s f 

HP, s P )V p f g ' + {p, t, x P , l')u(p', s f ). (25) 
The spin-average and spin-dependent hadron tensors look like 

^ oa ' ! ^'(±) = ^(W aa ''^'(+s p ) ± W QQ ' ;/3/3 '(-s P ))- (26) 

Here s p is the spin vector which determines the target polarization. For the leading 
term of the spin- average structure W(+) for the ansatz ( |l8| ) we find 

W aa '' pi3 '(+) = 16p a p a 'pl 3 p f3 '{\B\ 2 + ^%\K\ 2 ). (27) 

The spin-dependent part of the hadron tensor is more complicated. Its explicit form 
can be found in Q 

The obtained equation for the spin-average tensor coincides in form with the 
cross section of the proton off the spinless particle (a meson, e.g.). Really, the 
meson-proton helicity-non-flip and hclicity-flip amplitudes can be written in terms 
of the invariant functions B and K which describe spin-non-flip and spin-flip effects 



F++(s,t) = is[B(t)]f(t); F+-(a,t) = is^-K(t)f(t), (28) 

m 

where f(t) is determined by the Pomeron coupling with meson. The functions B 
and K are defined by integrals like (Efl) . The cross-section is written in the form 



^~0%)| 2 + ^(*)lW- (29) 
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The term proportional to B represents the standard Pomeron coupling that leads to 
the non-flip amplitude. The K function is the spin-dependent part of the Pomeron 
coupling which produces in our case the transverse spin-flip effects in the proton. 

There are some models that provide spin-flip effects which do not vanish at high 
energies. In the model p4| , the amplitudes K and B have a phase shift caused by 
the soft Pomeron rescattering effect. The vector diquark in the diquark model |2fJ 
generates the K amplitude which is out of phase with the Pomeron contribution to 
the amplitude B. The models (24|, |25| describe the experimental data |2(| on single 
spin transverse asymmetry An quite well. Thus, the weak energy dependence of spin 
asymmetries in exclusive reactions is not now in contradiction with the experiment 
[ p4| . |27{ . The model [^4| predicts large negative value of An asymmetry near the 
diffraction minimum which has a weak s dependence in the RHIC energy range and 
An is of about 10% for |i| ~ 3GeV 2 (Fig.l). Some other model predictions for single- 
spin asymmetry at small momentum transfer have been discussed in [ p8| . Thus, it 
should be important to measure experimentally (PP2PP at RHIC) the transverse 
asymmetry in the vicinity of diffraction minimum, which is very sensitive to the 
imaginary part of the spin-flip K amplitude. This can give direct information about 
the energy dependence of the spin- flip amplitude K. 

It has been found in |2^, Q that the ratio |i^|/|-B| ~ 0.1 and has a weak 
energy dependence. We shall use this value for our estimations of the asymmetry 
in diffractive hadron production. 





-t (GeV2) 



Fig. 1. Predictions of the model [|24j for single-spin transverse asymmetry of the pp 
scattering at RHIC energies J27|. Error bar indicates expected statistical errors for the 

PP2PP experiment at RHIC. 



4 Diffractive Vector Meson Leptoproduction 

Vector meson production through the photon-two gluon fusion is shown in Fig. 2. 
We regard mainly the J/vP meson production where such effects are predominated. 
The J/\l/ meson can be considered as a S'-wave system of heavy quarks with the 
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wave function of the form 

IV = g(# + m g ) 7AI (30) 

where k is the momentum of a quark, and m q is its mass. In the nonrelativistic 
approximation the quarks have the same momenta k = V/2 and the mass m q = 
mj/2. The transverse quark motion is not considered. This means that the vector 
meson distribution amplitude has a simple form 5{r — 1 /2)5(k 2 ). The wave function 
( [jof ) for nonzero mass m q produces both amplitudes with a longitudinally and 
transversely polarized vector meson. For the light meson production m q — 0, and 
one must consider the higher twist effects to calculate the amplitude with transverse 
vector meson polarization (see e.g. |T^| ). 



{ t+i ^ - m * w £ 1 jB * 

tip q-i r+ip q -i 
^» -s «mI ► 



(a) 



Fig. 2. Two-gluon contribution to diffractive vector meson production. 
The spin-average and spin-dependent cross-sections arc defined as 
da(±) = \ (da(^) ± d<7(-»^)) . 

The cross section <i<7(±) can be written in the form 

da ± IT*! 2 



dQ 2 dydt 32(27r) 3 Q 4 s 2 ?/ 
For the spin-average amplitude squared we find 
s 2 N 



4Q 



T ((1 + (l-y) 2 )m v + 2(1 -y)Q 2 ) 



iBr + lifl- 



(31) 



(32) 



(33) 



Here Q 2 = (my + Q 2 + |i|)/4, and iV is the normalization factor. The term propor- 
tional to (1 + (1 — y) 2 )m v represents the contribution of the transversely polarized 
photons. The 2(1 — y)Q 2 term describes the effect of longitudinal photons (see @))- 
The function B is determined by 



B = Q^ 



d 2 l ± (l 2 ± + l ± r ± )B(t, ll,x P ,...) 
(l\ + A 2 )((f ± + A) 2 + \ 2 )[l\ + f ± r*j_ + ■ 



/ 

Jo 



d 2 l ± (l 2 ± +l ± f ± ) 



(l 2 ± + X 2 )((l ± +r ± ) 2 + X 2 ) 



B(t,ll,x P ,...)=f%Jx P ,t,Q 2 ). (34) 
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Due to the gauge invariance, the result in the Feynman gauge should be equal to 
the corresponding result in the axial gauge (section 2) . This permits us to find the 
connection with SPD in ( p4| ) by a direct comparison of the cross section ( 32 ) with 
([I?]). We can see that the B(l\,xp, ...) function represents the nonintegrated spin- 
average gluon distribution. 

The spin-dependent amplitude squared is found to be of the form 



\T-\* = 9^ S WL{Q> 



BK* + B*K 



Am 4Q 4 v " ' """ ' 2 
It is determined by the interference between the B and K amplitudes. 



(35) 



5 Diffractive QQ Photoproduction 

To study QQ production we shall use the same two-gluon model which should 
describe the cross sections at small x < 0.1. This contribution is shown in Fig. 3. The 
quark- antiquark contribution, in addition to the t- channel gluons, is important for 
light quark production at large x. To calculate the cross sections, we integrate the 



V 



WW 

p M 



Fig. 3. Two-gluon contribution to QQ production 

amplitudes squared over the QQ phase space cLNqq = II f ^wiw wu * n the delta 
function that reflects the momentum conservation. As a result, the spin-average 
and spin-dependent cross section can be written in the form 



d 5 <r(±) _ ((2-2yW)\ C{x P ,Q 2 )N{±) 



dQ 2 dydx p dtdki V ( 2 id ) /i_ 4 (fc2 +m 2)/ M | 



(36) 



"_L ~ "°qJ/ AV± X 



Here C{xp, Q 2 ) is a normalization function which is common for the spin average 
and spin dependent cross section; N(±) is determined by a sum of graphs integrated 
over the gluon momenta I and I' 

n(±) = I ^M^M + i^go (ai) 2 + 1'^) p ± {t, q 2 ,i±,v ± , ■ ■ o (37) 

J (l 2 ± + X 2 )((l± + f ± ) 2 + X 2 )(l' 2 + \ 2 ){{P ± + f ± ) 2 + X 2 ) 

The function is a hard part that contains the traces over the quark loops of 
the graphs convoluted with the spin average and spin-dependent tensors. 
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The analytic forms of the graph contribution to the cross sections will be written 
here in the limit (3 — > for simplicity. The D + function has the following form p3| : 

D+ = Q 2 (\B\ 2 + \t\/m 2 \K\ 2 )((k ± +r ± ) 2 + m 2 q ) 
1 (kl+ml) ((fci-ii) 2 +m2) (( fc± _^)2 + TO 2)- I ^ 

This function contains a product of the off-mass-spell quark propagators in the 
graphs. We can see that the quark virtuality here is quite different as compared to 
the vector meson case. We have no terms proportional to Q 2 (see (|34|)). This will 
change the scale in gluon structure functions. Really, I and I' are smaller than k\ 
and the contribution of D p (+) to N(+) is about 



(\B\ 2 + \t\/m 2 \K\ 2 ^j ({k ± + r ± ) 2 + m 



N p (+) ~ * ' 3 (39) 

{k± + m 2 ) 



with 



p f' 1<k ° d 2 l ± (lj+r ± r ± ) 

B ~ 77 7 ^77f TT^ —B(t,l ± ,xp,...)=T° p {x P ,t,k ) 

Jo (l 2 ± + \ 2 )((l ± +f ± ) 2 + X 2 ) 

r l ± <k rl 2 l (1% -4-T r \ 

R ~ n* Jwr K{tA,x P ,...)=Kl P {x P ,t,kl), (40) 

Jo (l 2 ± + \ 2 ){{l±+r ± ) 2 + A 2 ) 

where £;§ ~ k\ + m 2 . We find that the structure functions are determined by the 
same integrals as in (|34|), but with a different scale. The details of calculations can 
be found in Q 

The contribution of all graphs to the function N(+) for an arbitrary (3 can be 
written as 

N(+)= (\B\ 2 + \t\/m 2 \k\ 2 )\^ + \t 1 kl,Q 2 ). (41) 

The function will be calculated numerically. 

The same analysis was done for the spin-dependent cross sections. In addition 
to the term observed in (|||) and proportional to the scalar production QS±, the 
new term oc k±S± appears in the spin-dependent part. As a result, we find the 
following representation of the function N(-) 

N (-) = \/4 (bk* + b*k) [^^n« (t, k 2 ± ,Q 2 ) 



■^-Ui-\t,kl,Q 2 )}. 



(42) 



6 Numerical Results for Vector Meson production 



The spin-average cross section of the vector meson production at a small mo- 
mentum transfer is approximately proportional to the \B\ 2 function ( |33| ) which is 
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connected with the skewed gluon distribution. The simple parameterization of the 
SPD as a product of the form factor and the ordinary gluon distribution will be 
used 

B(t,x Pl Q 2 ) = F B (t)(x P G(xp,Q 2 )). (43) 

The form factor Fsit) is chosen as an electromagnetic form factor of the proton. 
Such a simple choice can be justified by that the Pomeron-proton vertex might be 
similar to the photon-proton coupling 

( 4m P + 2 - 8 l t D 

F B (t) ~ F; m (t) = {Am 2 + mi + mnGeV 2 ) 2 ■ ( 44 ) 

The energy dependence of the cross sections is determined by the Pomeron 
contribution to the gluon distribution function at small x 

("C<". « 2 » - ^ ~ U + qi + M ) <M "" > ■ < 45 » 

Here a p (t) is a Pomeron trajectory which is chosen in the form 

a p (t) = 1 + e + a't (46) 

with e = 0.15 and a' = 0. These values are in accordance with the fit of the 
diffractive J/\& production by ZEUS f|. 

We suppose that the ratio of spin-dependent and spin-average densities has a 
weak x dependence and 

~ 0.1 (47) 

\B\ 

as in the case of elastic scattering. Our prediction for the cross sections is shown in 
Fig.4. 

The A\t asymmetry for vector meson production is determined by the ratio of 
cross sections determined in ( |35| , p3| ) 

AlT „ yxM BK 

4m (1 + (1 -yf)m 2 v + 2(1 -y)Q 2 \B\ 2 + \K\ 2 \t\/m 2 ' V ; 

The expected asymmetry for J/ty production at HERMES energies is shown in 
Fig. 5 for the case when the transverse part of the photon momentum is parallel to 
the target polarization S±. At the HERA energies, asymmetry will be extremely 
small. 

For a small momentum transfer, this asymmetry can be approximated as 



mo 



C g -^jj- withC = x P (49) 



Simple estimations show that the coefficient C g (J/^) at HERMES energy for 
y = 0.5, |t| = lGeV 2 , Q 2 = 5GeV 2 is quite small, about 0.007. 
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1E-4 I — ■ — ' — ' — ' — I — ' — ' — ' — ' — I — ' — ' — ' — ' — I 

12 3 

|t|GeV 2 

Fig. 4. The differential cross section of 
J/ty production at HERA energy: solid 
line -for \K\/\B\ = 0; dot-dashed line 
-for \K\/\B\ = 0.1. Data are from §. 



0,12 




0,02 - 

0,00 I 1 ' ' ' ' ' ' 

2 4 6 8 10 

Q 2 (GeV) 2 

Fig. 5. The Ait asymmetry for vec- 
tor meson production at ^fs = 7GeV 
(y=0.5, \t\ = lGeV 2 ): solid line -for 
J production; dotted line -for p pro- 
duction. 



For light vector mesons, we use the same Eq. (|48|). The model predicts a weak 
mass dependence of the gluon contribution to the asymmetry, Fig. 5. For the same 
kinematic variables, C(<fi) ~ C(p) ~ 0.008. Note that this result was obtained for 
the nonrelativistic meson wave function in the form S(t — l/2)5(kf) which is not 
a good approximation for light meson production. It is important to study a more 
realistic wave function which takes into consideration the transverse quark degrees 
of freedom . 



7 Predictions for QQ Leptoproduction 

We shall now discuss our prediction for polarized diffractive QQ production. In 
estimations of the asymmetry Ait = o(— )/c(+) we shall use the same parameter- 
izations of SPD as in (^) with the functions determined in (fti|). As in the case 
of vector meson production, the asymmetry is approximately proportional to the 
ratio of polarized and spin-average gluon distribution functions 

A l?~C^j^ W ith C - x P and \K\/\B\ ~ 0.1 (50) 

The spin-dependent contribution to the asymmetry which is proportional to 
k±Sj_ will be analyzed for the case when the transverse jet momentum k± is par- 
allel to the target polarization S±. The asymmetry is maximal in this case. To 
observe this contribution to asymmetry, it is necessary to distinguish experimen- 
tally the quark and antiquark jets. This can be realized presumably by the charge 
of the leading particles in the jet which should be connected in charge with the 
quark produced in the photon-gluon fusion. If we do not separate events with k± 
for the quark jet, e.g., the resulting asymmetry will be equal to zero because the 



A12 



Czech. J. Phys. 53 (2003) 



Diffractivc hadron leptoproduction and SPD . . . 

transverse momentum of the quark and antiquark are equal and opposite in sign. 



20,0 - 





0,0 1 

1 2 3 4 5 

k 2 (GeVf 

Fig. 6. The A\ T asymmetry in diffrac- 
tive heavy QQ production at y/s = 
20GeV for x P = 0.1, y = 0.5, 
\t\ = 0.3GeV 2 : dotted line-for Q 2 = 
0.5GeV 2 ; solid line-for Q 2 = lGeV 2 ; 
dot-dashed line-for Q 2 = 5GeV 2 ; 
dashed line-for Q 2 = 10GeV 2 . 



10,0 1 ■ ■ ' ' ' ' ' ' ' 1 

1,0 1,5 2,0 

k' (GeV) 2 



Fig. 7. The A\ T asymmetry in diffrac- 
tive light QQ production for Q 2 = 
5GeV 2 , x P = 0.1, y = 0.5, \t\ = 
0.3{GeV) 2 at Vs = 7GeV. 



The spin-dependent cross section vanishes for Q 2 — > 0, while the spin-average 
cross section is constant in this limit. As a result, the Q 2 dependence of the asymme- 
try can be approximated as Ait oc Q 2 /(Q 2 + Ql) with Q 2 ~ lGeV 2 . The predicted 
asymmetry for heavy cc production at COMPASS energies is shown in Fig. 6. The 
asymmetry for light quark production is approximately of the same order of magni- 
tude. At the low energy y/s — 7GeV (HERMES) we can work perturbatively only in 
a very limited region of k 2 . Really, k\ should be large enough to have a large scale k 2 
in the process (|4p|). Otherwise, from (|36|), we have the restriction that k 2 < M^-/4. 
For quite large M% ~ (8 - 10)GeV 2 ~ M 2 ^ we find that {k 2 ± ) max ~ 2GeV 2 . The 
expected Ait asymmetry for light quark production at HERMES is shown in Fig. 7. 
The coefficient in ( p0| ) is quite large, about 1.5 at the HERMES energy for 

k\ = 1.3GeV 2 , Q 2 = 5GeV 2 , x P = 0.1, y = 0.5, and \t\ = 0.3GeV 2 . This shows 
a possibility of studying the polarized gluon distribution IC^-(x) in the HERMES 
experiment. 

The contribution to asymmetry oc QS± is analyzed for the case when the trans- 
verse jet momentum Q± is parallel to the target polarization S_l (a maximal con- 
tribution to the asymmetry). The predicted A% asymmetry in diffractive heavy 
QQ production at y/s — 20GeV is shown in Fig. 8. The Af T asymmetry has a 
strong mass dependence. For light quark production, this asymmetry is not small 
for Q 2 - (0.5 - l)GeV 2 and positive. 
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Fig. 8. The Af T asymmetry in diffrac- 
tive heavy QQ production at \fs = 
20GeV for x P = 0.1, y = 0.5, 
\t\ = 0.3GeV 2 : dotted line-for Q 2 = 
0.5GeV 2 ; solid linc-for Q 2 = lGeV 2 ; 
dot-dashed line-for Q 2 = 5GeV 2 ; 
dashed linc-for Q 2 = lOGcV 2 . 



Fig. 9. The The_ A% asymmetry in 
diffractivc light QQ production at yfs = 
7GeV for Q 2 = 5GeV 2 , x P = 0.1, y = 
0.5: dotted line -at |i| = O.lGeV 2 ; dot- 
dashed line -at \t\ = 0.3GeV 2 ; dashed 
line -at \t\ — 0.5GeV 2 ; solid line- inte- 
grated over \t\ asymmetry. 



It is interesting to look for what we expect to observe for light quark produc- 
tion at low energy t/s = 7GeV. The predicted asymmetry for different momentum 
transfers is shown in Fig. 9. Note that in fixed-target experiments, it is usually dif- 
ficult to detect the final hadron and determine the momentum transfer. In this case, 
it will be useful to have predictions for the asymmetry integrated over momentum 
transfer 

A% = ^sla -— . (51) 

We integrate cross sections from t min <~ (xpm) 2 ~ up to t max = 4GcV 2 . The 
predicted integrated asymmetry (see Fig. 9) is not small, about 3%. 



8 Conclusion 



In the present lecture, we analyze diffractive hadron leptoproduction at small 
x. Diffractive reactions are predominated in this region by the gluon exchange. We 
consider two approaches which are used in theoretical estimations of diffractive 
processes. The first one is based on the factorization of the scattering amplitude 
into the hard subprocess and soft skewed gluon distribution. The other approach 
uses the two-gluon exchange model where the cross sections of diffractive hadron 
production are determined in terms of the leptonic and hadronic tensors and the 
squared amplitude of hadron production through the photon-two-gluon fusion. The 
hadronic tensor is expressed in terms of the two-gluon couplings with the proton. 
The processes of diffractive meson and QQ production are dependent on the same 
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integrals over gluon transverse momentum which are related to the gluon SPD 
T Q {x) and/C c (a;) (gg). 

The diffractive hadron leptoproduction for a longitudinally polarized lepton and 
a transversely polarized proton at high energies has been studied within the two- 
gluon exchange model. The Ait asymmetry is found to be proportional to the ratio 
of structure functions Ait = CK./J-. This asymmetry can be used to get information 
on the transverse distribution /C£ {xp,t) from experiment if the coefficient C is not 
small. The corresponding coefficient for vector meson production is expected to be 
quite small C g (J/^) ~ 0.007 in the HERMES energy range, ft is difficult to expect 
experimental study of such small asymmetry. However, this result was obtained for 
a simple nonrelativistic form of the vector meson wave function and can be used 
only for heavy meson production. The light meson production is more complicated 
and asymmetry in this case can be different. The transverse quark motion and 
higher twist effects for transversely polarized p meson should be important here. 

In the case of QQ production we have additional transverse variable k±. This 
produces, in addition to the term QS± in the Ait asymmetry, the contribution 
proportional to the scalar product k±S± (ff2|). These terms in the asymmetry have 
different kinematic properties and can be studied independently. The term cx kj_S± 
has a large coefficient C? that is predicted to be about 1. Such asymmetry might 
be an excellent object to study transverse effects in the proton- gluon coupling. 
However, the experimental study of this asymmetry is not so simple. To find nonzero 
asymmetry in this case, it is necessary to distinguish quark and antiquark jets and 
to have a possibility of studying the azimuthal asymmetry structure. The expected 
Ait asymmetry for the term oc QS± is not small too. The predicted coefficient 
C% Q in this case is about 0.3. The diffractive QQ can be investigated in a polarized 
proton- proton interaction too where the asymmetry of the same order of magnitude 
as in the lepton-proton case was predicted p9| . 

The results presented here should be applicable to the reactions with heavy 
quarks. For processes with light quarks, our predictions can be used in the small 
x region (x < 0.1 e.g.) where the contribution of quark SPD is expected to be 
small. In the region of not small x > 0.1 the polarized u and d quark SPD might 
be studied together with the gluon distribution in the case of p production. For 
the <f> meson production, the strange quark SPD might be analyzed. Such exper- 
iments can be conducted at the future HERMES and COMPASS spectrometers 
for a transversely polarized target. We conclude that important information on the 
spin-dependent SPD JC^(x) at small x can be obtained from the asymmetries in 
diffractive hadron leptoproduction for longitudinally polarized lepton and trans- 
versely polarized hadron targets. 

These lectures were supported in part by the Russian Foundation of Basic Re- 
search, Grant 00-02-16696 and by the Blokhintsev-Votruba program. 
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